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Research questions
In Germany, the research and innovation landscape is highly diversified and differentiated because of the country's federal structure. Research is conducted in state and non-state institutions, institutes of higher education, non-university research institutions (state-funded) and in industry (two-thirds of invested research funds). Since the 1970s, the interest in assessments and comparative analyses of higher education and research systems has increased massively at an international level. The reasons lie, on the one hand, in the development of a knowledge-based society whose interests are increasingly dependent on research and technology and on the other hand -related to this -in the search for efficient conditions and prerequisites for fostering innovation, top-class research and well-qualified junior scientists.
Moreover, more and more, governments and parliaments are demanding performance measures, international comparisons, and "foresight studies", for reasons of legitimisation and of planning. In the course of the 1980s and 1990s, output-oriented research funding gradually increased and, in many European states, the competitive orientation of the academic system grew. Rankings, ratings, evaluations, as well as formula-based allocation schemes, were supposed, and are supposed, to provide necessary transparency, problem diagnoses and performance-raising stimuli. Michelson (2006) describes the trend in research assessment in the USA as follows:
First, the standardization and harmonization of performance assessment methodologies has begun to spread across various federal R&D funding agencies. …Second, there has clearly been a turn toward employing quantitative methodologies as a major part of performance assessment initiatives. …Third, the growing use of quantitative bibliometric indicators is also being paired with a renewed focus on utilizing qualitative indicators in an effort to create more appropriate hybrid methodologies that can capture a wider range of variables related to a program's performance.
These three developments can also be observed in Europe.
Analyses of the academic system, assessment and governance instruments and relevant data can be systematically contrasted according to purpose on the one hand and to aggregate level on the other. Purpose can range from academic basic research to the assessment of individual performance, via policy advice, the development of governance systems and public With the significant increase in quantitative indicators and the easy availability of complex indicators, expectations relating to data quality and knowledge of governing factors have grown considerably, even among non-specialists. The error tolerance when small units are analysed is drastically lower than when larger units are taken into account. This is also true of the use of indicators -often not assessed -that are often used for a different purpose from that originally intended. The Journal Impact Factor was developed to characterise academic journals but is generally usually used to provide an indication of the quality of individual publications. It is difficult to assess the impact of bias effects, especially when small units are being compared, because there are very few foolproof error theories. Moreover, selected procedures and indicators cause learning affects among the concerned academics. Behaviour, which is directly geared towards "indicator polishing", can -although it by no means has tobring about unwanted effects (cf. Moed et al. 2005 ).
Indicators
The call, which is still relevant today, to develop appropriate indicators for measuring performance in research and development and measures of potential indicators came about against this backdrop. Central questions in this area are:
-What mechanisms can be used to measure academic performance? Apart from survey techniques (reputation surveys, Delphi surveys etc) and the analysis of monetary funding data, bibliometric mechanisms and techniques from patent data analysis in particular have been developed as well as peer reviews of performance. -How can national, disciplinary and sub-disciplinary specifics be taken into account in the development of indicators (publication and citation analyses)? Publication and citation behaviour and intensity of third-party funding or patenting strategies differ considerably according to discipline, which means that standardisation mechanisms are needed for comparative analyses and descriptions. Additionally, the use of national languages for academic publications in the larger non-English speaking realm poses a problem when it comes to making comparisons.
Publications in a national language necessarily reach a smaller audience and thus have fewer chances of being cited. Bibliometric mechanisms are mainly applied to the life and natural sciences. At the same time, the increasing use of bibliometric mechanisms is having such a magnetic effect that, across Europe, the humanities and social sciences are developing appropriate bibliometric databases and indicators (cf. Hornbostel 2008a). Questions regarding qualifications and subject expertise cannot, however, be answered by these data.
-It is harder to assess so-called third-party funding. Competitive third-party funding that is granted after the expert opinion of a subject specialist has been given is an important research indicator. On the one hand, it is registered by the recipients, and, on the other, funding bodies also hold the relevant data (cf. Hornbostel 2001; Hornbostel and Heise 2006) . After considerable teething problems, the situation has improved considerably in this field but it remains problematic, especially with regard to European funding (e.g. Framework Programme). This especially concerns the blurred cut-off line between funds for basic research and those for development or contract research. The use of third-party funds can lead to considerable bias in disciplines or sub-disciplines, which are strongly theoretical and where there is often a comparatively limited need for third-party funding. The interpretation of third-party funding indicators also creates problems because only the assessor's evaluation of quality is important during the approvals process and not the actual quantity of funds, which can amount to significant investment in the infrastructure.
-Data about junior scientists, especially the number of PhD candidates, are often used as research indicators. Doctoral candidates often find themselves on the border between the teaching and research systems. The Bologna process regards the doctorate as the third cycle within the academic training process.
Unfortunately, apart from the number of completed doctorates, there exist very few data about the quality of academic training and the selection process, and just as little information about the career paths of doctoral students. The increasingly used code of "doctoral students" for allocating funds is, therefore, purely quantitative and does not take quality into account at all. This needs to be addressed urgently (cf. Berghoff et al. 2006; Hornbostel 2008b; Hornbostel 2009 ). R&D data do not adequately fit these purposes, especially as, for historical reasons, their compilation has very much been geared towards industry, and it is correspondingly difficult to chronicle knowledge-based innovations in the service sector.
Effects analysis / Governance
A second set of questions arises around the theme of appropriate governance structures -the conditions for innovative and efficient research such as the prerequisites necessary for enabling knowledge transfer between the research system and other social sectors, and the linkages between economic growth and the breadth and type of R&D investment. However, the heterogeneity of the research and funding systems only allows for analyses that provide limited information because of the lack of compatible data and several unresolved problems concerning indicators, especially in comparative analyses at an international level.
Over the past 15 years, the governance structures of the higher education system in Germany have changed dramatically. There has long been a shift in research funding because of increased third-party funding and the simultaneous decrease in access to standard basic equipment. This trend is aggravated by growing competition among institutes of higher education and within institutes themselves for basic equipment, which, increasingly, is interoperability, which means that data are often compiled several times but do not exist in formats, which easily enable their exchange.
Data compilation
At an early stage, the increased significance of R&D triggered attempts to compile data about input and output variables on a regular basis. The first international Science Indicators Report was published in the US in 1973 by the National Science Board of the National Science 
Status Quo: Databases and Access
Germany's federal research report records the growing demand for contemporary data about the development of these investments in the future. However, as yet, the data about R&D investment tend to be published after considerable delay because data from the federal government, the states and industry have to be combined. At the moment, the BMBF is promoting a consortium 3 of German establishments, which is trying to close this gap by creating a "bibliometry expertise centre". increased interest in observing, analysing and evaluating the academic system substantially, and this will presumably grow significantly. The reasons lie less in an academic interest than in the consequences of higher education and research reforms, which have brought about some serious changes to governance mechanisms. Knowledge of structures and of the effects of measures and structures has a significant role to play across the board. Fast-growing competition worldwide, at an academic and technological level, especially from emerging nations is also increasing the political pressure to act. The competition can already be perceived in the massive shifts in the worldwide distribution of publications, citations and patents to producing countries.
Alongside qualitative analyses and peer review-based expert opinions, quantitative procedures in the compilation, analysis and evaluation of research data are gaining in importance. There are several reasons for this, which range from an already perceptible overuse of peer reviews, through the need for methodological, controlled comparisons and unanimous indicators to the fact that certain questions can no longer be answered from the perspective of individual experts.
Overall, the situation of data, the coordinated collection of data and the training of experts for processing and evaluating data about the academic system is deplorable. Data about certain important areas simply do not exist, the comparability of existing data is often limited, and in the field of bibliometric analysis Germany risks falling behind. The two most important tasks, therefore, consist, on the one hand, in developing a decentralised data collection system (CRIS Current Research Information System) 8 that will also enable standard definitions to be developed and for centrally-compiled data to be interoperable, as well as, on the other, developing a competitive research infrastructure.
